INTRODUCTION
The past few years has seen the introduction of several methods which attempt to classify surface seismic information via the use of artificial neural networks. Some of these methods also use borehole data to further constrain this classification.
For example, Russell et al, (1997) describe a method for seismic analysis which makes use of artificial neural networks (ANN) to predict log-curves from multiple sets of seismic attributes. An alternative method was presented by Walls et al, (1999) for training a neural network using model-driven seismic attributes. This trained network is then applied to surface seismic for lithology classification. Morice et al, (1996) describe a method for using Kohonen self organizing maps for seismic facies analysis of seismic data.
Kohonen self organizing maps (K-SOM) can be effective tools for defining seismic classes or facies. However, compared to other ANN based methods, it has proven difficult to calibrate the resulting classification with borehole data. This paper presents a new method for employing borehole data to calibrate a K-SOM data-set. The method itself is described, and a result is given for a North Sea data-set.
SCIENCE, WORKFLOW AND CASE STUDY

Kohonen Self Organizing Maps (K-SOM)
K-SOM's allow for the classification of seismic (and other data) based upon the discriminating ability of one of more sets of representative derived attributes (Taner, 1997) . The K -SOM implementation described here replaces each input sample value with a number representing a "class". Classes are related to each other according to a user-defined topology; in this case, we describe a 10 x 10 matrix yielding 100 output classes.
The K -SOM is first trained on a sub-set of the full data to determine which combination of attributes is represented by each class. Once this relationship has been established, the resulting training data is used to classify the full data-set.
This implementation of K-SOM offers several advantages for classifying seismic data, including:
1. Complete freedom in choice of input attributes. We use only those attributes capable of representing and discriminating the features we are attempting to classify.
2. The algorithm is implemented in 3D, allowing for the generation of a volume.
3. Option to vary the topology of the output classes.
Method
Though complex in detail, the method is simple in concept.
SUMMARY
We present a new method for calibrating a classification of a 3D seismic volume.
The classification process employs Kohonen selforganizing maps; the subsequent calibration is performed using one of more sets of borehole logs.
The method is described in some detail, and a case-study is presented using data from the North Sea.
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We make two key assumptions within our workflow:
1. Borehole log-curves are analogous to seismic attributes.
(Each is a representation of a sub-surface property. Borehole log-curves are formation attributes defined by the tool in use. Seismic attributes are mathematical representations of the sub-surface defined by the algorithm in use.)
2. Assuming the log and seismic data are of sufficient quality, we would expect both to be systematically but separately related to lithofacies.
Workflow
The Kohonen algorithm is employed twice; once to classify the seismic data, and once to classify the borehole information. The K-SOM method separates the well log data (density, neutron, sonic, gamma, resistivity) into 100 classes with similar log response, which implies similar lithology. It also separates the seismic attributes into 100 classes of similar seismic response, which implies similar lithofacies.
Figure 1. Workflow
Note that we are able to make extensive use of "pseudo-wells" within the log-based classification step. Pseudo-wells represent additional log-based models of the reservoir, derived via rockphysics modelling, to simulate ranges of reservoir properties expected within the reservoir, but not necessarily encountered in available borehole information.
Core and log analysis is performed to determine the relationship between the log-derived Kohonen classes and reservoir properties. During this process, we sub-set the initial 100 classes into a reduced set of 12 "lithofacies".
This same grouping is then imposed on the time to depth derived seismic classes at each well. Hence we obtain a relationship between our original reservoir classes and the seismic classes. This relationship is then used to map the final seismic classes within the seismic volume.
Case Study
An example is given for a North Sea data-set.
The seismic survey covered approximately 325 square kilometres, with 5 wells available for analysis, two of which encountered oil and saturated pay sands within a turbidite sequence at a two-way time of about 2.0 secs. Figure 2 shows the input seismic data-set at the reservoir level. Three well-tracts are also shown. Figure 3 shows the result of the initial Kohonen classification of the seismic volume. Note that we see a general increase in "order" within the data, and the appearance of a number of patterns with distinct geologic form. Unfortunately, as is common with this type of algorithm, it is not possible to directly infer reservoir properties from this interpretation. Figure-4 illustrates the data after the classification of the Kohonen classes based on log-data. We see a further increase of order within the grouping, and we can directly relate specific classes to lithology, based on our log-based calibration step. In this case, "green" represents oil-sand, "blue" represents water-saturated sands and "grey" silts and shales.
Figure 2. Input seismic volume at reservoir level
This final classified and calibrated volume ties the available well data, and shows a clear and consistent relationship between oil and water saturated sands. Figure 5a , b, and c show the tie between the seismic classes and log-derived reservoir properties at the reservoir zone for one wet and two producing wells. 
CONCLUSION
This initial study shows much promise for the method for use in seismic reservoir characterization. Quality of the tie between the classified seismic and log-data was high. However, additional drilling would be necessary to confirm these results.
There is considerable scope for further testing and refining of this method, The flexibility of choice as regards input seismic attributes, use of pseudo-wells derived from rock-physics models and topology of the Kohonen network provides for many options for additional study.
